The incidence of cardiac dysrhythmias is characterized in a group of 47 chronic SCI patients (greater than 30 days post injury; range 35-3605 days) with SCI lesions ranging from C4 to L3 who were referred for evaluation of a potential cardiac dysrhythmia by 24 hour Holter monitoring. Patients were grouped according to level of injury as paraplegic (T1 and below), n = 22, or quadriple gic (C3-C8), n = 25. No evidence of life threatening dysrhythmias was noted in either group, and no differences were evidenced in the incidence of cardiac dysrhythmias between the groups. Premature ventricular contractions (PYCs) were noted in 4/25 quadripelgics, and in 1/22 paraplegics, and right bundle branch block (RBBB) was noted in 1/25 quadriplegics and 1/22 paraplegics. A two-year chart review follow up revealed that no clinically significant cardiac dysrhythmic events occurred in these patients. These findings suggest that the risk of cardiac dysrhythmia is attenuated following the acute phases of SCI and represents a diminished concern to the clinician.
Introduction
The spinal cord injured represent a popula tion of over 250,000 United States citizens at a gro � i . ng rate of 7 . ,0?0-1O,000 new spinal cord Injury (SCI) VIctims each year. 1-Al though the lifespan of SCI patients was dismally brief in the past, in recent years with improved management of the leading causes of acute mortality in this population (genitourinary sepsis and renal failure) the SCI population is experiencing a longer life expectancy. 7 Issues regarding medical care concerns for the chronic SCI patient are dispropor tionately less characterized than are the variety of potentially life threatening com plications arising in the acute SCI setting. 8 From the cardiological perspective, acute SCI patients experience an alteration in cardiac and hemodynamic status related to injury induced autonomic nervous system dysfunction. 9 Cardiac dysrhythmias are a particular concern in the acute phases of SCI (less than 14 days of injury). Ubiquitous episodes of persistent bradycardia in patients with cerv ical SCI have been demonstrated but are rarely noted in SCI patients experiencing thoracolumbar levels of injury. 9 Severe epi sodes of bradycardia and tachyarrhythmias may account for the clinically important incidence of primary cardiac arrest occur ring in the severe cervical injury groups (ie complete lesion motor function) compared with other SCI groups. Whether cardiac dysrhythmias noted acutely after SCI re main a persistent concern during the chronic phase of SCI has not been established. The purpose of this study is to characterize the findings of 24 hour Holter monitoring in a population of chronic SCI patients believed to be at high risk for cardiac dysrhythmias, and clinical outcome.
Methods
Subjects included in this study are a group of SCI patients regularly cared for at Rancho Los Amigos Medical Center, Downey, Cali fornia. This setting provides the opportunity for long term follow up of these patients. Twenty four hour Holter monitor reports were reviewed from 59 consecutive SCI patients over a 5-year period (1982) (1983) (1984) (1985) (1986) (1987) . These Holter monitoring procedures were done in the course of the usual patient care for clinical findings suggesting the presence of a potential cardiac dysrhythmia, ie palpi tations or lightheadedness. Twelve patients were excluded because monitoring was per formed within 30 days or less of injury. The determination of the level of SCI was based on a comprehensive standardized manually performed physical examination.lO The SCI patients had no documented personal history of coronary artery disease, hyper tension, diabetes mellitus, nor were they receiving medications which influence the autonomic nervous system or cardiac func tion.
Data gathering was accomplished by chart audit of medical records obtained from those who received 24 hour Holter monitor ing. The charts of all patients included in this study were reviewed for a period of 2 years or longer following the Holter moni toring procedure. The complete 24 hour Holter monitor report and accompanying activity log for each identified subject was reviewed by a cardiologist. The 24 hour Holter monitoring procedure was obtained using a Marquette 8000 T Holter System with a built in computerized system (Mar quette Electric Inc, 8200 W Towel Ave, Milwaukee, Wisconsin 53223). This tech nique generated a computer printout pro viding the low (minimum 24 hour heart rate value by Holter monitor) and high (max imum 24 hour heart rate value by Holter monitor) heart rate values, evidence of right and left bundle branch conduction blocks, atrial and ventricular dysrhythmias (includ ing a 24 hour count of total premature ventricular contractions (PVC», and ST-T wave segment changes which occurred dur ing the 24 hour monitoring period. The results of the 24 hour Holter monitoring were checked and interpreted by a cardiolo gist with an accompanying 24 hour activity log that was provided by each patient.
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Data analysis
Dysrhythmic events were considered to be present if more than 240 premature ven tricular contractions occurred in a 24 hour period (more than 10 per hour) or atrio ventricular conduction block was noted by the 24 hour Holter monitoring procedure. Data gathered from the chart audit were manually entered into a Compaq 286 per sonal computer and analyzed using a statist ical package (SPSS/PC + TM ) . SCI patients were grouped according to level of SCI as paraplegic (Tl and below) or quadriplegic (C3-C8). Analysis of the data included descriptive characterization of the low and high cardiac rate levels for both SCI groups. Fischer's exact test was used to test for differences in dysrhythmia prevalence be tween the two SCI groups. Table I summarizes the descriptive charac terization of these subjects which included 25 paraplegic (19 men, 6 women), and 22 quadriplegic (18 men, 4 women). The mean age for the paraplegic group was 42.0 ± 18.8 years and for the quadriplegic group 39.0 ± 16.7 years.
Results
The number of dysrhythmic events for the 24 hour period of monitoring included a total of five (4 PVC, 1 RBBB) in the quadriplegic group, and two (1 PVC, 1 RBBB) in the paraplegic group. The Fish er's exact test revealed that no differences were present between the incidence of cardiac dysrhythmia in the raraplegic and in the quadriplegic groups (X = 0.0322).
Based on chart review for a follow up period of over a minimum of 2 years (range 24-60 months following Holter monitor ing), only one SCI patient received a medi cation to treat a cardiac dysrhythmia. During the period of follow up, no incidence of cardiac dysrhythmia was reported in the medical records of either of the SCI groups.
Discussion
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concern during acute phases of SCI, 9 whether this remains a significant issue in the later phases of SCI recovery is uncer tain. This characterization of a group of SCI patients who were given a 24 hour Holter monitor test as a result of clinician concerns for cardiac dysrhythmias with associated clinical sequelae well after the acute phase of SCI shows no evidence of increased risk. Certain limitations are inherent in any retrospective analysis. Unfortunately, their is no readily available potential control group for comparison. The presence of coronary artery disease has an acknow ledged contribution to clinical episodes of cardiac dysrhythmia and sudden cardiac death in the general population. Because the SCI patients in this study are younger than are patients who are at high risk for coronary artery disease, SCI patients are generally viewed as being of low CAD risk. However, the sedentary lifestyle inherent in SCI patients could promote increased CAD risk.
11
As described in the review by Lehmann et al 9 SCI results in a predisposition to cardiac dysrhymias. Episodes of bradycardia in quadriplegic SCI patient are explained by the loss of cervical sympathetic influences causing cardiac excitation. These arise from the preganglionic fibers of the first through fourth thoracolumbar levels. The loss of the cardiotropic effect of cervical sympathetic nerve fibers allows the vagus nerve medi ated influences in parasympathetic function which arise from the medulla oblongata to dominate and thus slow cardiac rate. Our findings of increased levels of high heart rate noted in the thoracolumbar SCI (para-
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Paraplegia 31 (1993) 571-575 plegic) group compared with the cervical SCI group are consistent with this patho physiologic interpretation and mirror the findings noted during acute phases of SCI. 9 Despite the theoretical basis for increased incidence of cardiac dysrhythmia in the SCI population, this did not appear to be clinic ally significant. Furthermore, clinical follow up of the SCI population in this study was unable to demonstrate the presence of any clinical events associated with cardiac dys rhythmia in this population for a 2-year follow up period after Holter monitoring.
Conclusions
Although the acute phase of SCI has been associated with an increased risk for cardiac dysrhythmias, our findings involving chronic SCI patients without evidence of apparent coronary artery disease indicate that the prevalence of cardiac dysrhythmias is low. In addition, we were unable to document any clinical events related to the occurrence of cardiac dysrhythmias during follow up of the chronic SCI group. These findings indicate that the concern of cardiac dys rhythmias in the chronic SCI patient without evidence of underlying coronary artery dis ease is probably not relevant to the practi tioner compared with the acute phase SCI patients.
